This paper describes major breakthroughs in foil thrust bearings achieving a thrust load capacity in excess of 570 kPa (83 psi), supersonic tip speed of 625 m/s (2050 ft/s) and temperature capability of 815 °C (1500 °F). Compliant foil bearings surpass many of the inherently show-stopping and debilitating features of rolling element bearings. Foil Bearings not only provide an environmentally-friendly, oil-free system of support, but are also well suited for high speed and extreme temperature applications such as gas turbines, compressors, turbochargers, cryogenic-turbopumps, turboexpanders, high speed motors and others.
Foil journal bearings received more research and development attention in the past, achieving load capacity of 670 kPa (97 psi), reported by Heshmat in 1994. Foil thrust bearings' load capacity at that time was in the range of 150 kPa to 200 kPa (20 -30 psi) and their temperature capability was ambient to 150 °C (300 °F). This paper discusses a recent major breakthrough in the improvement of the load capacity, high speed capability of compliant foil thrust bearings, as well as extending their operating temperature range to 815 °C. Applying the available analytical tools and newly developed coatings, new thrust bearings have been designed with improved bearing geometry and structural compliancy. The advancement in solid lubricant coatings provided excellent tolerance to intermittent high-speed rubs, thus, making the bearings more robust against shock and extreme loadings.
These advanced bearings, with outer diameters ranging from 90 mm to 230 mm, demonstrated a load capacity of 570 kPa (82.7 psi) at 200 m/s runner tip speed. This achievement constitutes two-fold improvement over any state-of-the-art hydrodynamic foil thrust bearings ever reported in the literatures and significantly expands the envelope of possible bearing applications. Improving the bearing load capacity at speeds near Mach 1.6 and higher is also discussed, as well as hydrodynamic operation of a foil thrust pad at 815 °C.
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SYNOPSIS
The essence of the compliant surface, hydrodynamic foil bearing is a combination of a gas lubricated hydrodynamic film and a flexibly supported compliant bearing surface. Foil bearings are particularly attractive for systems where conventional oil-lubricated or rolling element bearings are unsuitable due to temperature, speed, working fluid or any combinations thereof. Since foil bearings are oil-free and can operate with process fluid and gas, they are also environmentally friendly solutions for systems where lubricant contamination would be problematic. Applications now possible for foil bearings include aircraft gas turbine engines, auxiliary power units, microturbines, pumps, compressors, cryogenic turboexpanders and turbochargers, to name a few. Recent advances in foil bearing design have resulted in significant improvements in load capacity, damping, stiffness and high temperature performance.
Advanced foil thrust bearing requirements dictated that the rig must be capable of operating at speeds up to 80,000 rpm, with thrust loads to 400 pounds and able to accommodate a variety of different thrust bearing designs and sizes. Other key criteria for this test rig were: operation at elevated temperatures on the order of 1200 °F and the ability to study and test the effects of angular misalignment on the load capacity of foil thrust bearings. These primary design goals have been achieved with great success. By combining a pair of proven MiTi  foil journal bearings with an active magnetic thrust bearing, the test rotor is supported by a stable, robust and completely oil-free system. The rotor has been operated at speeds exceeding 80,000 rpm, with loads on a development thrust bearing under test as high as 400 pounds. The rig consists of a 12-inch long rotor driven by a 10 horsepower air turbine. The rotor is supported on two MiTi  foil journal bearings and a magnetic thrust bearing that can support static loads over 400 pounds and dynamic loads to 300 pounds. The test thrust bearing is mounted on a hydrostatically levitated piston so that frictionless axial and rotational motions are possible. Elevated test chamber temperatures can be obtained by using the electric band heater, by injecting heated air into the thrust bearing cavity or a combination of both. To date, more than 750 tests have been run with the thrust bearing test rig. The results of bearing specific power loss and load capacity testing are presented in Figures 1 and 2 , respectively, showing that a substantial increase in foil bearing load capacity has been achieved. The operating temperature of thrust foil bearings advanced by using a new ceramic composite coating, Korolon 1350A, which was developed and tested in a high temperature tribometer at temperatures 815 ºC and higher. The spindle speed and oven temperature are controlled. The acquired signals included are rotational speed, frictional force, ambient and bearing temperature. A thrust foil bearing pad coated with Korolon 1350A was tested in the high-temperature tribometer against a runner coated with thin dense chrome and Korolon 1350B under the normal load of 7 kPa. Figure 3 depicts the bearing tribological performance at two temperatures, 650 ºC and 815 ºC, and presents the variation of rotational speed N and the resulting variation of friction coefficient f during one test cycle at 815 ºC. Three phases of the cycle can be identified: startup, hydrodynamic lubrication and touchdown.
The appearance of the foil bearing surface after 500 cycles is shown in Figure 4 . The Korolon 1350A coating shows some evidence of polishing during the test without affecting bearing hydrodynamic performance and is considered to be in very good condition. This test rig has made it possible for MiTi  to develop an oil-free foil thrust bearing with performance and capabilities unmatched by any other foil bearing available today. Using the new KOROLON has improved foil bearing temperature capabilities from 150 ºC to 815 ºC, achieving a major milestone unparalleled in foil bearing tribology. Gen IV foil bearings are in a commanding position to meet the increasing performance demands of the rapidly evolving turbomachinery industry.
